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In this paper we study T 2 compactication of six-dimensional massive type IIA supergravity in pres-
ence of Ramond-Ramond background fluxes. The resulting theory in four dimensions is shown to possess
SL(2, R)SL(2, R)O(4, 20) duality symmetry. It is shown that specic elements of this symmetry relate
massive type IIA compactied on K3  T 2 (fluxes along K3) to the ordinary type IIA compactied on
K3  T 2 (fluxes along T 2) . In turn, this relationship is exploited to relate Romans theory to heterotic
strings. The D8-brane (domain-wall) wrapped on K3 T 2 is found to correspond to pure gravity heterotic
solution which is a direct product of six-dimensional flat space and a four-dimensional Taub-NUT instanton.
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Introduction
Recently a lot of attention is given to the studies of gauged and massive supergravity theories for the
reason that these theories play a signicant role in AdS/CFT analysis maldacena and also because they
might be useful in string phenomenology rsun. Massive supergravities are regarded as closed counterparts
of gauged supergravities. In massive theories some of the vector or tensor elds become massive upon eating
other elds in the spectrum, analogous to a Higgs type mechanism. In this procedure the total degrees
of freedom remain unaltered and so do the number of supercharges, however it turns out that we need to
sacrice some of the global symmetries, like dualities. But it is not always so, certain fraction of these
symmetries, at least the perturbative ones, could be restored. This is the goal of our investigation in this
paper to look for these unbroken global symmetries.
A well studied and unique example of a massive theory of gravity is the massive type IIA supergravity
in ten dimensions constructed by Romans roma. In string theory, massive supergravities can typically be
constructed through a Scherk-Schwarz reduction ss, in which some eld strength dA(p) is given a non-
trivial background value (flux) along the compact directions berg1. Established criterion for turning on
such background fluxes with consistency is that the potential A(p) appears only through its eld strength
dA(p) in the action, or equivalently in the eld equations. There has been several works along these lines
in recent past berg1,cow,blo,bs,mo,lavpop1,lavpop,bre,lupop, kkm,km,amees,hull, for more latest works see
hls,janssen,CKLT,hs,micu,behrndt.
Amongst massive theories, massive type IIA supergravities can be easily characterised solely by there
eld content in which the NS-NS 2-rank tensor eld is massive. In D < 10 massive type IIA theories, in
which tensor elds are massive, can also be obtained through generalised K3 and toroidal compactications
of the ordinary (massless) type IIA supergravities with Ramond-Ramond (RR) fluxes turned on hls,hs. On
the other hand massive heterotic supergravities with massive 1-form elds could be obtained by generalised
Kaluza-Klein compactication bre,km. Thus there in no way out we can make a connection between massive
type IIA theories and massive heterotic strings because dierent type of elds carry masses hls, though there
is a duality relationship in D = 6 involving ordinary type II and heterotic supergravities, for review see sen.
Therfore unless there is a machenism by which we can trade massive 2-rank tensor elds into a massive vector
elds we cannot help us out. Fortunately there is such a relationship in four dimensions where a massive
tensor eld carries same degrees of freedom as a massive vector eld carries quevedo. So in four dimensions
it would be possible to dualize a massive 2-rank tensor eld into massive 1-form eld. Hence the study of
massive theories in D = 4 is very crucial for duality relationship between massive type IIA and heterotic
strings. Though, we will not show this duality relationship between massive tansors and massive vector elds
explicitely, we shall be adopting an equivalent tool of compactications and use duality symmetries, which
do this job implicitely.
Paper is organized in the following way. We work out a generalized T 2 compactication of the six-
dimensional massive type IIA supergravity hls with RR 2-form fluxes turned on. Our goal is to investigate the
fate of the perturbative SL(2, R)SL(2, R)O(4, 20) duality symmetry. We then are interested in relating
this 6D, N = 2 massive type IIA compactied on T 2 to the ordinary 6D, N = 2 type IIA compactied on
T 2 with fluxes and eventually relate it to heterotic string theory compactied on T 4. In section 2 we briefly
recall 6D massive type IIA sugra and work out its compactication on T 2 with RR fluxes. We discover
that provided RR 2-form fluxes are turned on the resulting four-dimensional theory can be presented in a
manifestly SL(2, R)  SL(2, R)  O(4, 20) covariant form. In section 3 we provide a mechanism to relate
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Romans theory compactied on K3  T 2 (with fluxes) to the ordinary type IIA compactied on K3  T 2
(with fluxes) which is in turn related to heterotic strings. In section 4 we study the vacuum solutions of
this massive type IIA supergravity and relate them to the solutions of ordinary IIA by using the elements
of duality group. We then use standard heterotic-type IIA duality in six dimensions to relate corresponding
ordinary IIA vacua to heterotic solutions. Particularly the D8-brane solution is shown to correspond to a
pure gravity heterotic vacua in ten dimensions which contains a domain-wall-type instanton line element.
Thus perturbative duality symmetry relates the vacua of massive type IIA and ordinary type IIA theories in
six dimensions provided we have T 2 isometries. This property also allows us to further relate massive type
IIA vacua to six-dimensional heterotic solutions. We have summarized our results in the section 5.
Toroidal compactication The compactication of Romans type IIA supergravity roma on K3 with RR
fluxes was provided in hls. The resulting bosonic composition of 6D N = 2 massive type II theory is given




R^ ^1 + 4 d^φ^^d^φ^− 12H^(3)^H^(3) + 18Trd^M^ ^d^M^−1
o
− 12 F^ a(2)^M^−1ab F^ b(2)
We shall now work out the compactication of above theory on T 2 in presence of RR fluxes. To recall,
T 2 compactication of Romans type IIA theory has been worked out in detail in hs, so we shall omit various
ne details here. Thus for the 6-dimensional zehnbein we take the standard toroidal ansatz equationmetric
e^aˆM (x, y) =
(
arraycceaµ(x) eimKmµ
The standard toroidal ansatze for the dilaton, tensor eld and the moduli matrix are taken to be
equationφ^(x, y) = φ^(x) , B^(2)(x, y) = B(2)(x) + Am(x) ηm + 12bmn(x) η
mηn , M^(x, y) = M(x) ,
2
